ABSTRACT: Lactating, primiparous Landrace x Yorkshire sows were used to characterize LH secretion during lactation in sows that experienced a n early ( < 9 d; n = 14) or late ( > 15 d; n = 9) return to estrous postweaning and to evaluate the relationship between LH secretion and blood metabolites. Twenty-three sows were fed one of nine corn-soybean meal diets to achieve a matrix of lysine (15 to 45 g/dl and energy (6.5 
Introduction
reproduction include a prolonged weaning-to-estrus interval (King, 19871, reduced embryo survival Nutrient intake by the lactating sow affects (Hughes et al., 19841 , and decreased subsequent total herd productivity by influencing milk produclitter size (Kirkwood et al., 1988) . However, the tion and postweaning reproductive performance.
biological connection between the diet and subseInfluences of nutrient inadequacy on postweaning quent reproductive performance is understood poorly. Shaw and Foxcroft (19851 King and Martin (19891 tion on subsequent reproduction is mediated 2Appreciation is expressed to Natl. Pork Producers Council through decreased secretion of LH pulses before weaning. However, the pattern of LH secretion TOKACH The objectives of the present investigation, therefore, were to characterize LH secretion in the primiparous sow throughout a 28-d lactation and to assess the relationships among LH secretion, weaning-to-estrus interval, and concentrations of some metabolites and hormones in blood.
Materials and Methods
The 23 primiparous Landrace x Yorkshire sows used in this study were involved simultaneously in another experiment designed to quantify the influence of lysine and energy intake on yield of milk components. Details of dietary treatments, cannulations, housing, and care have been described previously (Tokach et al., 1992) .
Sows farrowed between 9 and 11 mo of age with an average postfarrowing BW and backfat thickness (6 cm off midline a t 10th rib) of 153 kg and 21 mm, respectively. Day 0 was defined as the day that sows completed farrowing. The last time during each day that sows were observed for completion of farrowing was 1700. Litter size was standardized at nine pigs by d 3 after farrowing. During the 28-d lactation, each sow was fed one of nine experimental diets to obtain a matrix of lysine and ME intakes. Composition of these cornsoybean meal-based diets has been described (Tokach et al., 1992) . There were nine dietary treatments in a 3 x 3 factorial arrangement consisting of three levels of lysine (15, 30, or 45 g/d) and ME (6.5, 11.5, or 16.5 Mcal/d) intake. The matrix of lysine and ME was used to achieve a range of blood metabolite and metabolic hormone concentrations. Daily feed allotment for each sow was provided as 24 hourly meals of equal size that were delivered by a n electronic feeder. Sows were fed hourly in an attempt to minimize postprandial fluctuations in blood metabolite concentrations.
Pigs were removed at 1700 on d 28 of lactation. Sows were moved from the farrowing room to a n environmentally controlled gestation room in the same building after completion of blood sampling at 2300 on d 28. Temperature was maintained between 16 and 24OC in the gestation room. During the postweaning portion of the study, sows were housed in individual stalls and fed a 1 4 % CP (.64% lysine) corn-soybean meal gestation diet. Feeding level provided for maintenance (106 kcal of ME/ BW.75) plus 500 g (1,579 kcal of ME) of additional feed daily. Sows were weighed at weaning, 3 1700) and continued for 6 h after weaning (1700 to 2300). After clotting at room temperature, samples were refrigerated at 4 O C for at least 12 h before centrifugation at 1,520 x g for 20 min. This storage time before centrifugation has been shown to have no influence on LH content (G. D. Dial, unpublished data). Serum samples were stored at -20" C until analysis.
Serum LH concentrations were measured using a double antibody RIA (Dial et al., 1983 786-3. Tubes were incubated with the first antibody at 4OC for 3 d before adding tracer in order to improve assay sensitivity. Samples with LH concentrations below the level of sensitivity were assigned the sensitivity value 1.1 ng/mL1 in determining mean LH concentration. The intraassay CV for both low (.63 ng/mL) and high (2.79 ng/ mL) LH reference sera were < 5 YO. The interassay CV for the LH RIA (n = 121 were 9.6 and 7.3% for the low and high sera, respectively. Serum LH concentrations in samples collected at 15-min intervals for 6 h were used to characterize the pulsatile pattern of LH secretion (Almond and Dial, 1990) . A pulse of LH was defined as a transient elevation of LH concentrations that remained a t least 2 SD over baseline for at least two consecutive samples. Baselines were computed as means of all LH measurements excluding the pulses of LH release. Mean LH concentration for the 6-h sampling periods was the mean of 25 samples collected at 15-min intervals. In this manner, mean LH concentration, baselines, and pulse frequency were determined for each sow for each 6-h sampling period. Pulse amplitude and peak height were not analyzed because of the low number of peaks in each period.
Additional blood samples for metabolite and insulin analyses were drawn on d 7 and 21 at 0910, 0930, 0950, 1510, 1530 , and 1550. Processing and analytical procedures for plasma glucose, serum insulin, serum triglyceride, serum nonesterified fatty acid (NEFA), and plasma amino acid analyses from these samples have been described previously (Tokach et al., 1992) . Serum samples from each sampling time were analyzed for urea N using a commercial colorimetric kit (Sigma Chemical, St. Louis, MO). The only modification to the manufacturer's protocol was that a standard curve was used instead of a single calibrator.
Statistical Analyses. Sows were categorized according to the time required to return to estrus postweaning as early ( < 9 d; n = 14) or late ( > 15 d; n = 9) to analyze the connection between blood metabolite and hormone concentrations and weaning-to-estrus interval. Changes in LH pulse characteristics as lactation progressed were analyzed by split-plot, least squares ANOVA for repeated measurements (Gill and Hafs, 1971) . The model included sow type (early or late), sow within type (error term for testing type effects), day of lactation (period), and interactions. Differences in metabolite and hormone concentrations between early and late returners were detected via the GLM procedure (SAS, 19881. Correlation coefficients were used to evaluate the relationships between metabolite or hormone concentrations and LH secretion. Regression analysis was used to determine the influence of lysine and ME intake on LH secretion. Linear, quadratic, and linear interactive terms were fit to obtain prediction equations relating average daily lysine and ME intake prior to d 7, 21, and 28 of lactation to LH secretion (LH mean and number of LH peaks per 6 h) at these three times. Predicted residual error sum of squares was used to calculate average prediction error for each equation (Weisberg, 1985) .
Results and Discussion
The matrix of lysine and energy intakes provided by differences in diet composition and actual DM intake resulted in a wide range of BW (-7.8 to -38.7 kg) and backfat changes (-3.5 to -12.0 mm) during lactation. Late sows tended ( P e .lo) to lose more BW during lactation than did early sows ( Table 1) . The factorial treatment arrangement also resulted in sows receiving either of the extreme dietary treatments (low lysine and high ME; high lysine and low ME) exhibiting a delayed return-to-estrus postweaning ( > 15 d; Table 2 ).
Luteinizing Hormone Secretion. Mean LH concentrations were high at farrowing but decreased substantially ( P < .01) by d 7 in both early and late sows (Figure 1 ; Table 31 . These results are consistent with earlier observations in which LH secretion was greater during late gestation than during mid-lactation (Parvizi et al., 19761 a,bMeans within a row lacking a common superscript letter lactation (Melampy et al., 1966) . During lactation, the neuroendocrine reflex triggered by suckling seems to be the major inhibitor of LH secretion (Varley and Foxcroft, 1990 Table  3) . Several studies have demonstrated previously that mean LH concentration and pulsatility increase steadily as lactation progresses (Stevenson and Britt, 1980; Stevenson et al., 1981; Duggan et al., 1982) . Conversely, Edwards and Day (1984) did not detect an increased mean LH concentration with time postpartum, but frequency of pulses did increase steadily. Peters et al. (1981) and Nett (1987) also demonstrated that LH pulse interval decreases as the postpartum period progresses in the cow and ewe, respectively. The gradual increase in LH secretion as lactation progresses has been attributed to a progressive decrease in suckling intensity (Varley and Foxcroft, 1990 ). In our study, no differences ( P > .IO) were found in baseline concentration of LH from d 7 through weaning. This is the first published report of baseline LH concentrations in lactating sows.
Few researchers have attempted to describe the relationship between LH secretion during lactation and the return-to-estrus interval. Shaw and Foxcroft (19851, King and Martin (19891, and Mullan and Close (19891 found that mean LH concentration was higher immediately before weaning in sows with a n early return-to-estrus postweaning relative to sows showing a longer weaning-toestrus interval. Our results indicate that alterations in LH profile that lead to a delayed return to estrus postweaning in sows may occur as early as d 14 of lactation.
Mean LH concentration and number of LH peaks per 6 h did not increase ( P z .lo) during the first 6 h after weaning ( Foxcroft (1985) and Mullan and Close (19891 found that LH secretion increased immediately after weaning. The postweaning sampling period in their trials was 12 h, allowing them to observe a progressive increase in pulsatile LH secretion during the latter part of their 12-h sampling period. The 6-h sampling period used in our study may have been insufficient to observe a postweaning rise in LH secretion. &The 6-h sampling period immediately after weaning.
Blood
bLinear (P < ,011 increase in LH secretion from d 7 through d 28. The linear increase was different (P < ,051 for early and late 'SdMeans within the same column and response criterion lacking a common superscript letter differ P < ,101.
e,fMeans within the same column and response criterion lacking a common superscript letter differ (P < .051.
g*hMeans within the same column and response criterion lacking a common superscript letter differ ( P c ,011.
sows. Britt et al. (1988) presented evidence that insulin infusions or injections into gilts increased frequency of LH pulses, estrogen content in follicular fluid, and ovulation rate, whereas atresia of medium-sized follicles decreased. Changes in LH secretion also have been attributed to corresponding changes in plasma insulin concentrations during flushing in gilts (Flowers et al., 1989) and fasting in beef heifers (McCann and Hansel, 1986) . Insulin receptors have been identified on the brain and pituitary (Werther et al., 19871 , and their binding has been shown to be influenced by nutrient restriction (Melnyk and Martin, 19841. Recently, Cox et al. (19891 Figure 21 manner. At low ME intake (6.5 Mcal/dl, increasing lysine intake had little influence on mean LH. The influence of lysine intake on LH secretion increased as energy intake increased. These results reveal that mean LH is Figure 2 . +P < .lo. *P < .05. **P < .01.
reduced by restrictions of either lysine or energy intake.
Other prediction equations revealed that average daily lysine and ME intakes before d 21 have a similar relationship to number of LH peaks per 6 h on d 21 (R2 = .52; P < .05; Table 6 ). Average daily lysine and ME intakes before d 7 also were associated (R2 = .43 to 5 4 ; P < .lo) with mean LH and number of LH peaks per 6 h on d 21 and 28 (Table 51 . The pattern of response for all equations was similar to the response depicted in Figure 2 , with a reduction in LH secretion due to restrictions of either lysine or energy intake. King and Martin (1989) also found that sows experiencing restricted protein intake during lactation have a reduced mean LH concentration and fail to develop a high LH pulse frequency during lactation. Although the influence of energy intake on LH secretion during lactation in sows has not been reported, energy restriction decreased LH pulsatile activity in gilts (Britt et al., 1988; Booth, 19901, heifers (Imakawa et al., 1986; McCann and Hansel, 19861 , and lactating cows (Short and Adams, 1988) . Our results suggest that lysine and energy intakes are interactive in their influence on LH secretion during lactation in the sow. Our research also implicates insulin as a possible mediator in the connection between nutrition and reproduction.
Implications
The results of this experiment suggest that nutritional influences on subsequent reproduction Literature Cited
